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Abstract: Introduction: Skin and soft tissue infections are important causes of outpatient visits to medical clinics or hos-
pitals. This study aimed to review the literature for the accuracy of Clinical Resource Efficiency Support Team
(CREST) guideline in management of cellulitis in emergency department. Methods: Studies that had evaluated
cellulitis patients using the CREST guideline were quarried in Scopus, Web of Science, and PubMed database,
from 2005 to the end of 2020. The quality of the studies was evaluated using Scottish Intercollegiate Guideline
Network (SIGN) checklist for cohort studies. Pooled area under the receiver operating characteristic curve (AU-
ROC) of CREST guideline regarding the rate of hospital stay more than 24 hours, rate of revisit, and appropriate-
ness of antimicrobial treatment in management of cellulitis in emergency department was evaluated. Results:
Seven studies evaluating a total of 1640 adult cellulitis patients were finally entered to the study. In evaluation of
the rate of the appropriate treatment versus over-treatment, the pooled AUROC was estimated to be 0.38 (95%
confidence interval (CI): 0.06 — 0.82), indicating low accuracy (AUROC lower than 0.5) of guideline for antimicro-
bial choice. CREST II patients had a significantly lower odds ratio (OR) of revisiting the Emergency Department,
OR=0.21 (95% CI: 0.009 — 0.47). Pooled AUROC value of 0.86 (CI95%: 0.84 — 0.89) showed accuracy of the CREST
classification in prediction of being hospitalized more or less than 24 hours. Conclusion: CREST classification
shows good accuracy in determining the duration of hospitalization or observation in ED but it could lead to
inevitable over/under treatment with empirical antimicrobial agents.
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1. Introduction

Skin and soft tissue infections are important causes of out-
patient visits to medical clinics or hospitals. These infections
have a wide range of symptomatology and etiology that could
even be life threatening in some cases (1). Cellulitis is an
acute infection of the skin and soft tissues. Subcutaneous tis-
sues show redness, pain, and swelling in the affected area.
The most common etiology is Staphylococcus aureus bac-
teria, followed by Streptococcus pyogenes and many other
gram-positive cocci and rarely some gram-negative germs
(2). Clinical evaluation of the severity of the infection is very
important and decisive; however, the need for different di-
agnostic and therapeutic algorithms to guide physicians in
reaching the right and appropriate decision has not been
fully addressed (3). Koerner et al. (2011) reviewed the recent
attempts in classification of cellulitis cases and stated that
primary classifications were assorting cases based on the site
of the infection; while further studies suggested more com-
prehensive guidelines as well as the Eron criteria (4). Later,
Clinical Resource Efficiency Support Team (CREST) was de-
veloped, based on the Eron recommendations, addressed as
Eron/CREST classification by some authors (5), with an easy
method of classification for clinical application (6). But since
systemic sepsis has not been fully considered in this guide-
line, some researchers have doubted its application in clini-
cal practice (4). Since no study has pooled the clinical out-
comes of the CREST application, this study aimed to review
the literature on the accuracy of CREST guideline in manage-
ment of cellulitis in emergency department.

2. Methods
2.1. Study design and setting

This study was performed in adherence to the guidelines of
the Preferential Cases of The Report for Systematic Review
and Meta-Analysis (PRISMA) and is a systematic review and
meta-analysis of the existing literature on the accuracy of
CREST guideline in treatment of cellulitis, published in peer-
reviewed journals. English language studies were quarried
among all articles published from 2005 to the end of 2020,
on the topic of cellulitis, since CREST guideline was first es-
tablished in 2005. Studies which evaluated their study pop-
ulation using the CREST guideline were searched in Scopus,
Web of Science, and PubMed databases by two researchers
using the keywords of "CREST ", "cellulitis" and "bacterial
skin infection". Only articles about cellulitis that contained
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the keywords of CREST were included in initial search.

2.2. Search strategy

In PubMed, using the search strategy of [(CREST OR Eron)
and (Cellulitis OR bacterial skin infection)], 44 results were
found. Along with multiple Scopus and Web of Science
search results found using the same strategy, in the initial
search, 135 potentially relevant articles were retrieved, 127
of which remained after removing the duplicate items. Then,
articles were selected based on the title and abstract, a list of
abstracts was prepared. After hiding the details of the arti-
cles such as the author’s name, the name of the journal, etc.,
the full texts of the articles were given to 2 trained researchers
to review the text of articles. Each article was reviewed by 2
independent researchers and in case of rejection of the arti-
cles by both researchers, the reason was mentioned and in
case of disagreement between them, the article was judged
by a third person. 115 articles were excluded from the study
due to irrelevance or not containing CREST guideline in their
methodology. Finally, 12 articles met the inclusion criteria
and entered the quality assessment process.

2.3. Quality assessment

A checklist of Scottish intercollegiate guidelines network
(SIGN) was used to evaluate the quality of these articles (7).
Seven articles had acceptable quality for being included in
study.

2.4. Statistical analysis

A web-based calculator was used to determine Area under
the Receiver operating characteristic (ROC) Curve (AUROC)
of the overall accuracy of CREST in predicting the rate of hos-
pital stay more than 24 hours (8). To combine the event rates
or values of AUROC with respect to the percentage or stan-
dard error of the values, the weighted average and the ran-
dom effects were used in the meta-analysis due to the het-
erogeneity of the studies. The I2 index and the Cochran test
were used to examine the heterogeneity between the results.
The Egger’s test and funnel plot were used to examine the
publication bias in the Revman software version 5.4.1. In
this meta-analysis, AUROC of CREST in predicting the stud-
ied variables was estimated and entered in a random effects
model, due to high heterogeneity (12=99%).

3. Results

3.1. Characteristics of included studies

Seven studies were finally entered into the quantitative syn-
thesis in this meta-analysis, as shown in figure 1. Six stud-
ies were prospective cohort studies and one was retrospec-
tive. Two studies were conducted in Iran, 3 studies in USA,
and 2 in Scotland. Study setting was Emergency department
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(ED) in 4 studies; while 3 of the studies evaluated hospitalized
patients (9-11). A total of 1640 patients were studied in our
meta-analysis. All studies evaluated adult subjects (over 18
years old). We were not able to classify studies into subgroups
for meta-analysis to see the possible differences between old
and young adults. All studies had the same inclusion crite-
rion, which was diagnosis of cellulitis. Although evaluating
distinct areas of cellulitis involvement, none of the studies
included facial cellulitis. Various outcomes were measured
in different studies, so we could not include all studies ina
quantitative synthesis for a particular outcome (Table 1).

3.2. Accuracy of CREST guideline

For hospitalization length

Results showed pooled AUROC value of 0.86 (95%CI: 0.84 —
0.89) for CREST guideline regarding hospitalization length
based on the combination of results from 4 studies ref-
erenced in figure 2. But there was a high heterogeneity
(I2=98%). No further subgroup analysis was possible to de-
termine the source of heterogeneity.

For empirical antimicrobial choices

Appropriateness of empirical antimicrobial choices was as-
sessed in 3 studies (9-11) through evaluating biological cul-
tures, as shown in Table 3. Results were summarized as
undertreatment, overtreatment, or appropriate treatment in
studies. As shown in figure 3, the pooled AUROC of CREST
guideline for empirical antimicrobial choices was estimated
to be 0.38, (95%CI: 0.06 — 0.82).

For revisiting after being discharged

As shown in figure 4, revisiting after being discharged from
the emergency department was evaluated in studies by
Claeys (2014) and Abiri. Comparisons were only available for
CREST II. CREST II patients had a significantly low odds ratio
(OR) of revisiting the ED, OR=0.21 (95%CI: 0.009 — 0.47).
Publication bias

To assess the publication bias, the funnel plot was visually in-
spected for asymmetry, as shown in figure 5.

4, Discussion

Our study revealed that the pooled AUROC for evaluating the
rate of appropriate treatment versus overtreatment was 0.38
(95% CI: 0.06-0.82), indicating low accuracy (AUROC less
than 0.5) of CREST guideline for antimicrobial choice. The
odds of revisiting the emergency department were consider-
ably lower in CREST II patients, with an OR of 0.21 (95%CI:
0.009-0.47). The CREST classification was shown to be ac-
curate for being hospitalized for more than 24 hours with a
pooled AUROC of 0.86 (95%CI: 0.84 — 0.89). Soft tissue infec-
tions are a common group of infections that are often mild
to moderate in severity and are easily treatable. Their etio-
logical diagnosis is often difficult and unnecessary in most
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cases of cellulitis, where the patient has mild symptoms. Our
study was a systematic review of the studies that used CREST
guideline in management of cellulitis. There were few stud-
ies conducted in this area and only 7 studies were included.
in our qualitative review. Further assessment of study out-
comes showed interesting findings in evaluation of empirical
antimicrobial choices and hospitalization outcomes. Labo-
ratory investigations are suggested for CREST II-IV classes
and most Class I CREST classified patients get outpatient
care with first line antibiotic choice of oral Flucloxacillin 500
mg per day. Patients classified in class II or higher classes
may receive IV therapy (5, 6). Although pooling the data of IV
versus oral treatment was not possible in our study, duration
of hospital stay in ED or observation units were evaluated in
some of our included studies, which revealed that patients
with higher CREST classification had higher rates of staying
in the hospital for more than 24 hours based on the AUROC.
Staying in the hospital and observation units for more than
24 hours may also be showing the need for IV antibiotic ther-
apy based on the findings of Claeys et al(12, 13) and Abiri et
al. (14). But further laboratory investigations were not pre-
sented in all studies, as some of studies were evaluating out-
patient cases, which had CREST I and II classes.

Our study showed that the pooled AUROC for appropriate-
ness of treatment was 0.38 (95%CI: -0.06 — 0.82), indicating
no significant difference in appropriate or under/over treat-
ment; thus, reconsiderations are needed for treatment of
middle classes. The closeness of the definitions provided for
classes I to IV may be the reason for uncertainty in the de-
cisions for treatment of these cases. However, in our study,
there was a large spatial heterogeneity in the included stud-
ies, which could suggest the role of differences in the pattern
of antibiotic resistance of gram-positive bacteria as a hetero-
geneity factor. Various studies conducted in Iran show a high
rate of antibiotic resistance in Iran (15, 16), the pattern of
which might be different from the United States and Europe
7).

5. Limitations

There was a high amount of heterogeneity in some of our
syntheses, but the small number of the included studies that
had evaluated distinct types of study outcomes did not allow
us to have a comprehensive review of the cause of the het-
erogeneity. Since all included studies had similar inclusion
criteria for their patient recruitment, various factors could
have affected the results, causing heterogeneity. One of these
factors that our study shows to modify the heterogeneity be-
tween the studies is the different study settings in the in-
cluded articles. Study setting was emergency department
(ED) in 4 studies; while 3 studies evaluated hospitalized pa-
tients (9-11).
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6. Conclusion

CREST classification demonstrates good precision in decid-
ing the duration of hospitalization or observation at the ED;
however, the reliability of this guideline in antimicrobial
agent choice or route of antibiotic administration remains
unclear; and using these classifications had not been able to
prevent over/undertreatment with antibiotics, which might
be due to inadequate and vague description and potentially
overlapping definition of each class.
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gE1)ERH Characteristic of studies included in the meta-analysis

Study Design Setting Outcomes N Inclusion criteria
Abbasi, 2016 (18) Iran Prospective cohort ED Hospitalization less or more 89 Non-facial cellulitis
than 24 h revisit in 1 week
Abiri, 2020(14) Iran Prospective cohort ED Hospitalization less or more | 100 Limb cellulitis
than 24 h revisit in 1 week
Hashem, 2015(11) USA Retrospective Hospitalized Appropriateness of empirical | 369 Patients admitted with
antimicrobial choices clinical cellulitis
response
Claeys, 2015 (12) USA | Retrospective cohort | ED/or observation 96-h ED 308 Adult cellulitis patients
units revisit/hospitalization with less than 24 h of IV
antibiotics without
hospital admission
Claeys, 2018(13) USA | Observational cohort| ED or observation Area-under-the- 506 Diagnosis of acute
study units receiver-operating- bacterial skin and skin
characteristic-curve (AUROC) structure infections
analysis of ED/OU versus
inpatient
Marwick, 2011(9) Retrospective cohort Hospitalized Appropriateness of empirical | 189 Received antibiotic
Scotland antimicrobial choices treatment for cellulitis in
hospital
Marwick, 2012 (10) Cohort Acute Appropriateness of empirical | 79 Adult patients with
Scotland antimicrobial choices cellulitis

NA: Not Addressed; ED: Emergency Department; OU: Outpatient.

NP Quality of studies included in the meta-analysis based on the Scottish intercollegiate guidelines network (SIGN) checklist

Study Appropriate| Predicting Lost to Clearly | Areliable | Evidence | Exposure The main Have con- | Minimizatipn Clear Are the results
and clearly the followup | defined | method of of level or potential fidence | oftherisk | evidence of this study
focused | outcome at status outcomes | exposure | outcome |prognostic|confounders are | intervals | of biasor | of an asso- directly
question | the time of | addressed assess- assess- factoris | identified and been confound- | ciation |applicable to the
enrolment ment ment assessed taken into provided? ing? between | patientgroup
more than | account in the exposure | targeted in this
once design and and guideline?
analysis outcome?
Abbasi, 2016 Y Y NA Y Y N N N Y N Y Y
Abiri, 2020 Y Y NA Y Y N N N N Y Y Y
Hashem, 2015 Y Y Y Y Y Y Y Y N Y Y Y
Claeys, 2015 Y Y Y Y Y Y Y Y Y Y Y Y
Claeys, 2018 Y Y Y Y Y Y Y Y Y Y Y Y
Marwick, 2011 Y Y Y Y Y N Y N Y Y Y Y
Marwick, 2012 Y Y Y Y Y Y Y Y Y Y Y Y
N: no; NA: not addressed; Y: yes.
Quality of antimicrobial treatment based on the Clinical Resource Efficiency Support Team (CREST) guideline
Treatment CREST I CREST 11 CREST III CREST IV
Marwick, 2012 Appropriate 0(0) 4(4.6) 1(1.15) 18(20.69)
Under/Over 19(21.84) 33(37.93) 3(3.45) 9(10.34)
Marwick, 2011 Appropriate 57(33.53) 20(11.76) 10(5.88) 1(0.59)
Under/Over 12(7.06) 36(21.18) 23(13.53) 11(6.47)
Hashem, 2015 Appropriate 8(4) 65(32.5) 14(7) 3(1.5)
Under/Over 60(30) 37(18.5) 10(5) 3(1.5)
Total Appropriate 122(17.09) 113(15.83) 36(5.04) 41(5.74)
Under/Over 122(17.09) 175(24.51) 62(8.68) 43(6.02)

Data are presented as number (%) if they were available in the studies.
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| Identification of studies via databases

Records removed before

Screening:
Records identified from: Duplicate records removed (n
Databases (n =135) — =3)

Records marked as ineligible
by automation toals (n=10)

Identification

Records screened Records excluded
(n=127) (n=89)

l

. Feports not retrieved
Reports sought for retrieval
n EEE] ’ —| (n=26)

l

Screening

Feports assessed for eligibility
_ —_—»
(n=12) Reports excluded:
Mo access to data of
variables of interest (n=2)
Low quality (n=3)
= Studies included in review
g (n=7)
Reports of included studies
s (n=7)

PRISMA flow chart of study.
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Risk Difference Risk Difference
Study or Subgroup  Risk Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Abhasi, 2016 07605 0052296 51% 0.76[0.66, 0.86] I
Ahiri, 2020 0.981 0015 62.0% 088[0.85 1.01] [ |
Claeys, 2015 0326 008852 1.8% 0.33[0.15 050
Claeys, 2018 06817 0021173 31.1% 068([064, 072 -
Total (95% CI} 100.0% 0.86 [0.84, 0.89]
Heterogeneity: Chi*=175.82, df= 3 (P = 0.00001); F=98% i_1 -0}15 o 0?5 15

Test for overall effect: Z=73.23 (P = 0.00001)

Favours [experimental]l Favours [control]

Forest plot of Clinical Resource Efficiency Support Team (CREST) guideline’s accuracy for hospitalization length; less versus more
than 24 hours (based on pooled area under the Receiver Operating Characteristic (ROC) curve).

Test for overall effect: Z=1.71 (P =0.09)

Favours [experimental] Favours [control]

Risk Difference Risk Difference
Study or Subgroup  Risk Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Hashem, 2015 0.2397 00362 33.3% 0.24[017,0.31) ——
Marwick, 2011 08166 0D.0346 33.4% 0.82 (0.7, 0.88) —=
Marwick, 2012 0.084 00387 33.3% 0.09[0.02,017] ——
Total (95% ClI) 100.0% 0.38 [-0.06, 0.82] e ———
Heterogeneity: Tau®= 0.15; Chi*= 226.90, df= 2 (P = 0.00001); F= 99% l_1 -u:.s 5 0;5 y

Forest plot of Clinical Resource Efficiency Support Team (CREST) guideline’s accuracy for appropriate antimicrobial treatment

(based on pooled area under the Receiver Operating Characteristic (ROC) curve).

Heterogeneity: Tau®= 0.03; Chi*=1.10,df=1 (P=0.29), F=9%
Testfor overall effect: £= 3.74 (P = 0.0002)

Re-visit No Re-visit Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.2CRESTII
Abiri, 2020 10 28 18 28 521% 0.31[0.10, 0.92] —l—
Claeys, 2015 8 30 22 30 47.9% 0.13[0.04, 0.42) —a—
Subtotal (95% CI) 58 58 100.0% 0.21 [0.09, 0.47] -
Total events 18 40

Forest plot of Clinical Resource Efficiency Support Team (CREST) guideline’s accuracy for rate of revisit after being discharged (based

on pooled area under the Receiver Operating Characteristic (ROC) curve).
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Funnel plot of the study to assess publication bias.
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